INTRODUCTION
Citrate transported from mitochondria is cleaved into acetylCoA and oxaloacetate by ATP citrate lyase for several important biosynthetic pathways, including lipogenesis and cholesterogenesis [1] . In mammals, the activity of ATP citrate lyase is regulated by diet and hormones in a manner similar to that of other lipogenic enzymes. Generally, this regulation of enzyme activity according to the state of de novo lipogenesis is considered to be due to alteration of the rate of enzyme biosynthesis [2] . We reported previously that changes in ATP citrate lyase concentration correlate with changes in its mRNA concentration and the transcription rate [3] . These findings strongly suggest that ATP citrate lyase is regulated at the level of transcription.
We have now determined the structure of the ATP citrate lyase genomic promoter, as an initial step toward understanding how the regulation of this enzyme occurs at the level of transcription.
MATERIALS AND METHODS Molecular technique
Standard procedures were used to screen phage libraries, DNA labelling, isolation of genomic DNA and total RNA and to subclone genomic DNA fragments [4] . Double-stranded genomic DNAs subcloned in the pGEM4Z vector were sequenced using [a- [35S] thio]dATP and the T7 Sequencing kit (Pharmacia) according to the manufacturer's instructions. Genomic DNA concentration was measured to determine the copy number of the ATP citrate lyase gene, using Hoechst 33258 as a dye [5] . The three primers were synthesized by an Applied Biosystems 381 A DNA synthesizer and purified by denaturing PAGE [4] . The sequences of the oligonucleotides are as follows: rACLI: GGCTGCAGAGGGACCTGGTT (reverse strand) at position + 4407 to + 4388;
The 5' flanking region contains several consensus sequences defined as promoter elements. These include a CAAT box and Spl-binding sites. However, a TATA box lacks this promoter. The expression of the chloramphenicol acetyltransferase gene was induced by the 5' flanking region (-2370 to -1) in the CHO cell line. The 5' flanking region also contains several sequence elements that may be involved in the transcriptional regulation of the gene. Primer-extension analysis A 31-nucleotide oligomer, rACL2, was end-labelled with [y_32p]_ ATP by T4 polynucleotide kinase. Total RNA was isolated from three sources: livers from young rats fed on a high-carbohydrate diet for 2 days after weaning; livers from adult rats fed on a highcarbohydrate diet for 12 h after food deprivation for 2 days; mammary glands from lactating rats. Total RNA (50 ug) was dissolved in 100,tl of buffer composed of 80% formamide, 40 mM Pipes, pH 6.4, and 1 mM EDTA at 90°C and then cooled on ice. An end-labelled primer was added and hybridized at 30°C for 15 h. Annealed primer/RNA was precipitated after the addition of 200 ,ul of distilled water and 600 ,1 of ethanol and resuspended in 40 4u1 of 50 mM Tris/HCl, pH 8.2, containing 100 mM NaCl, 10 mM dithiothreitol (DTT), 0.5 mM each of dATP, dCTP, dGTP, dTTP and 35 units of AMV reverse, transcriptase. After incubation at 40°C for 60 min, the reaction was stopped by adding 60 ,ul of 0.3 M NaOH, and the mixture incubated for an additional 60 min at 40 'C. The reaction mixture was neutralized with 10 #1 of 2 M sodium acetate, pH 4.0, followed by extraction with phenol/chloroform. The extension product was precipitated by ethanol. The final products were resuspended in 10 ,ul of gel-loading solution (90% formamide, 30 mM NaOH, 1 mM EDTA, 0.1 % xylene cyanol and 0.1 % Bromophenol Blue), denatured by heating at 95 'C for 5 min and subjected to 8 % polyacrylamide/8 M urea gel electrophoresis. Extension products were detected by autoradiography at -70 'C for 2-4 days. A sequencing ladder, obtained with the same primer on the genomic subclone template containing the exon 1 sequence, was run in an adjacent lane to determine the size of the extended product and to predict its sequence. ATP citrate lyase cDNA was amplified by reverse-transcriptase PCR from total RNA isolated from mammary gland, lung, liver, kidney and brain. The sense primer (rACL3) and the antisense primer (rACL1), which were complementary to the sequences in exon 1 and exon 2 respectively, were used. Amplified cDNA was sequenced using the internal antisense primer (rACL2) by the dideoxynucleotide-chain-termination method. The reverse sequence from +35 to +22 is indicated.
with Ham's F12 medium supplemented with 10% fetal bovine serum. The activity of chloramphenicol acetyltransferase (CAT) [7] was measured 48 h after the medium change, and normalized against f8-galactosidase activity [8] for transfection efficiency.
RESULTS AND DISCUSSION
ATP citrate lyase is the main enzyme that supplies acetyl-CoA for the biosynthesis of fatty acid and cholesterol [1, 9] . We have previously reported that the biosynthesis of rat liver ATP citrate lyase was dramatically increased by refeeding a high-carbohydrate diet, and this increase was mainly the result of transcriptional regulation [3] . In the present study, we isolated the promoter region of the ATP citrate lyase gene which might be involved in the control of expression by several hormones. By screening a rat genomic library, six clones containing the ATP citrate lyase gene were isolated. However, only the AACL8 clone hybridized to the 100 bp EcoRI-BglII restriction fragment which is the 5' end of cDNA from the pGACL1 clone [3] , whereas the other clones hybridized to the 3' remainder sequence of pGACLl (results not shown). Therefore we sequenced the 13.6 kb genomic DNA of AACL8. The sequence has been deposited in the GenBank database under accession number L27075. Figure 1 shows the restriction map, the location of the exons on AACL8 and the sequencing scheme of the 5' flanking region of the ATP citrate lyase gene. The transcription-initiation site was determined by primerextension analysis with RNA from tissues expressing a high level of ATP citrate lyase mRNA (mammary glands of lactating rats, livers from young rats fed on a high-carbohydrate diet for 2 days after weaning, and livers from adult rats fed on a highcarbohydrate diet after food deprivation for 2 days). Auto- radiograms obtained from this experiment are shown in Figure  2 . The intensity of a 67-nucleotide-long band, corresponding to a cytosine, was strong in all extended products. This base was designated as position + 1 for numbering of the nucleotides in the ATP citrate lyase gene. However, minor bands 65-69 nucleotides long were also observed in primer-extended products, suggesting that transcription starts over a range of these five bases.
To identify the presence of exon 1 sequences on ATP citrate lyase mRNA expressed in various tissues, such as mammary gland, lung, liver, kidney and brain, the first exon region was directly sequenced using PCR. The first cDNA strand was synthesized with antisense primer located in exon 2, and then PCR was performed by adding upstream sense primer located in exon 1. Amplified DNA products were sequenced with dideoxynucleotide-chain-termination methods, using internal primer. ATP citrate lyase cDNA (107 bp) was amplified in all RNAs isolated from mammary gland, lung, liver, kidney and brain (results not shown), and these cDNAs contain the first exon sequence (Figure 3 ). Acetyl-CoA carboxylase, one of the representative lipogenic enzymes, is known to have two different promoters which are used in a tissue-specific manner [10, 11] . However, in the case of ATP citrate lyase, primer-extension analysis and direct sequencing of its cDNA showed that the 5' untranslated region of its mRNA is always the same and that the identical promoter is used in various organs.
Southern-blot hybridization of rat genomic DNA was performed to determine whether there were multiple ATP citrate lyase genes or other closely related genes. A SmaI-KpnI restriction fragment (793 nucleotides) of the ATP citrate lyase genomic subclone, containing exon 5 and 6, was used to probe EcoRI, BamHl, HindIII, KpnI and PstI restriction digests of rat genomic DNA. As shown in Figure 4, The sequences of the 5' flanking region and the first seven exons with their boundaries are shown in Figure 5 . GT and AG dinucleotides are present at the beginning and end of all introns. The first exon including the 5' untranslated region has an additional 27-nucleotide sequence not present in the ATP citrate lyase cDNA sequence reported by Elshourbagy et al. [13] . The capping site is located 4407 bp upstream from the ATG codon on genomic DNA and 99 bp upstream on cDNA. The sequences of genomic DNA differed from that of the published cDNA sequence [13] at codon 116. The sequence reported previously for this codon (Ala) was GCG, but our results revealed it to be GTG (Val). It was verified that the sequence at codon 116 on both genomic and complementary DNA amplified by PCR is GTG (Val) (Figure 6 ).
The TATA box is considered to be an important element for the precise positioning of transcription initiation [14] . However, the promoter region of the ATP citrate lyase gene lacks the TATA box. The absence of a TATA box could explain the observation that transcription of the ATP citrate lyase gene is initiated over several bases. A CAAT sequence (GCCCAATCG) is located at positions -95 to -87 in the ATP citrate lyase gene. The region from -310 to -30 is very rich in GC content and contains several sequence elements of the consensus binding site [15] . Sequence analysis revealed two sites that matched the consensus binding site in nine of ten bases, and the other two sites that are complementary to the consensus binding site in eight and ten of ten bases. In order to prove the activity of the promoter, the 5' flanking sequence from -2370 to -1 of the ATP citrate lyase gene was fused to the CAT gene, such that transcription of the CAT gene was directed by the promoter of ATP citrate lyase. CAT activity was dramatically induced by the 5' flanking region of the ATP citrate lyase gene (Figure 7) . Sequences common to the 5' flanking regions of several genes whose transcription increased during adipocyte differentiation have been termed fat-specific elements (FSEs). The two 13-base sequences starting at positions -370 and -175 (CGCACTGGTTTGG, GCCCCGGGTCAGG) match the (underlined) [16] . This FSE-l-like element may play a role in mediating induction of the ATP citrate lyase gene in adipocytes. Hepatocyte nuclear factor I-binding site (ATTAAC) [17] involved in tissue-specific expression is located at position -1654 with two repeats.
[(G/T)GGGCGG(G/A)(G/A)(C/T)] of the Spl transcription factor

FSE-I consensus [GGC(T/A)CTGGTCA(G/T)G] in ten positions
Various hormones are known to be responsible for the transcriptional regulation of ATP citrate lyase [18] [19] [20] [21] . The mechanism of regulation of these hormones at the transcriptional level has been explained as interaction with hormoneresponsive elements of many other genes [22] . A search of the ATP citrate lyase gene has revealed a number of sequences similar to known elements. The two sequences starting at positions -1288 and -288 match the thyroid hormoneresponsive element consensus sequence GATCANNNNNN-TGACC in eight out of ten positions [23] . These elements may be involved in the amplified effect of thyroid hormone on the induction of ATP citrate lyase during differentiation to adipocytes [20] . The sequences starting at -1602 and -842 match the glucocorticoid-responsive element consensus sequence (AGAACANNNTGTTCT) [23] in ten and nine of twelve positions respectively. Glucocorticoid is known to induce lipogenesis in lung and hepatocyte [18, 24] . Thus decreases the expression of the lipogenic enzymes in liver [25, 26] . Transcriptional regulation by cyclic AMP is known to be mediated via a cyclic AMP-responsive element (TGACGTCA) [27] . There is one of these sequences at -1283 conserved in seven of eight positions. Insulin is known to regulate the transcription of several genes, such as phosphoenolpyruvate carboxykinase [28] , glucokinase [29] , glyceraldehyde-3-phosphate dehydrogenase [30] , c-fos [31] and amylase [32] . It is thought to be the main hormone that induces the expression of lipogenic enzymes in liver after refeeding a high-carbohydrate diet [21, 25, 26] . However, no consensus insulin-responsive element has been identified. It would be interesting to localize this element in the 5' flanking region of the ATP citrate lyase gene, and to compare them from genes either stimulated or inhibited by insulin.
In conclusion, the transcription-initiation site and CAAT box of the rat ATP citrate lyase gene have been identified in the present study. However, direct experimental evidence for the existence of regulatory elements is required.
